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= Using H—Yyy, H—=ZZ*

= Spin, CP determination

= Signal strengths, Coupling scale factors

= Several latest results
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Individual channels

NePpr=p»

Higgs Boson | Subsequent f Ldt
Decay Decay Sub-Channels (fb- { ]
2011 +/s =7 TeV
H - ZZ®™ 4¢ {4e,2e2u, 2u2e,4u, 2-jet VBF, {-tag} 4.6
10 categories
St - {P1t ® n,, ® conversion} & {2-jet VBF} s
H- Ww® Evey {ee, eu, ue, uu} ® {0-jet, 1-jet, 2-jet VBF) 4.6
2012 /s =8 TeV
H — ZZ®™ 4¢ {4e,2e2u, 2ue, 4u, 2-jet VBF, {-tag}} 20.7
14 categories
S ¢ - {p1« ® n, ® conversion} & {2-jet VBF} & {{-tag, E%‘iss-tag, 2-jet VH} ey
H- Ww® Evly {ee, ey, e, pu} ® {0-jet, 1-jet, 2-jet VBF} 20.7

= Categories of individual channels in combined model.

= 11 and bb results are not included in the paper
pup— 4
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Mass determination

|

3= ins 3of commime  arias ‘= dominant systematics |
S e S Hegps boson m =126.8 GeV (it 8 . ?33338533}-., H->2Z" -4 : i . ‘
g --------- Bkg (mo-w polynomial : l_% > :?’m"fz: ij; E 2:;1:3 ftﬁ:;bsﬁb' Of H _’YY 1n01ude:
N G:?TonLd:ts.e ) ’ = Z->ee CalibratiOn,
o 3 el h» Imperfect knowledge of |
g = ' | material of ECAL , Relative |
§ = i calibration of different |
. 0 layers of ECAL Diff. in
LL>.| ‘20?00- 20 130 14 SCm lGe\;]&' A 2:_’0 B -
m m, [GeV] .
_ YY _ — e L(mp , flyy(mp) , flae(mp) , O0mpy)
| S LGty fiyy» fiaz, 0)
™ Yy:126.8 £ 0.2(stat.) + 0.7 (sys) GeV I —
f KC‘ B vl%.’:-l?ATev fLdt=4.6-4.8 fb™! - ggmg::gg (zzzzs:;)
- Vs=8TeV [Ldt=20.7 fb —— H—yy
= 77%:124.3 £ 0.6(stat.) £ 0.5 (sys) GeV | = e
= comb.: 125.5 + 0.2(stat.) + 0.6 (sys) DR N .
~ Compatibility with same mass hypothesis: | -
. o) o) -
| 1.3%(1.5%, ensemble tests) oo A * T rm
05 o e or e e iarise g
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@:» ° °
S, Spin and Parity

cosg| = ISP 2p% P
= H-—svyy B

2
1+ @Y /my,)2 "

= Fit the cosO* distribution in signal region with the background
shape extracted using side-bands 77*->4|

= H—->ZZ*

= BDT analysis using decay angles and
masses of intermediate Z bosons

= sensitive to spin and parity.

=» H--WW*
= Discriminating variables: mn, A®n, prn, mr

= Two separate BDT classifiers: one to distinguish the J* = 0" from all
backgrounds, second to separate alternative spin-parity hypotheses

Haoshuang Ji (U. Wisconsin) Aug 16,2013



Spi d Parit
Test statistic Rejection based on “CLs”
A
P..OF .. 0
L(J =0 ,/10*,90+) pO(JP)
q = log - CL.(JP) = alt
p A A S( al() e 1 O+
L(Jaltsﬂjgtsgjﬁt) . - O( )
“t http://arxiv.org/abs/1307.1432
10—————F——— 77— —T T [ ‘1t 1 T 1 v T T ] T T 1 T T [ T T T [ T T T [ T T T
< :ATLAS(*)I I 7 14FATLAS' | 34 T gl amas ' eData Spin0-
8__H — 77" — 4l ® Data Spm O__ 12:_H —>YY * Data Spm O_: T H—> WW* - evuv/uvev Signal hypothesis RS ]
[ Vs=7TeV det=4.6 fot Signal hypothesis [ 1o - (s=8TeV det=2o.7 fot Signal hypothesis [ 1o : 20 Vs =8 Tev f Ldt = 20.7 fo™! ef_o [J20]
g 1s=8Tev [Lot=207t6" o p_g 2 10 of_o []25_: P ]
oot ] 8- of_o . 151 >

0 25 50 75 100 ) 25 50 75 100
‘T" ; qu (o/o) f (O/o) qu (°/°)

valltes of the test statistic qzblack solid line) as a
function of the fraction of qq production of the spin—2
state( fqg) for ZZ*, yy and WW*,

= Sensitivities are complementary at different qq fraction
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A
pin and Parity 3
L
A
- E . S
Combined H — yy, ZZ*, WW* Combined H — yy, ZZ*, WW*
ATLAS ATLAS
H— yy e Data H— yy ® Data
Vs=8TeV [Ldt=20.7 fb" (s=8TeV [Ldt=20.7 b
v CL, expected v CL, expected
H—> 27" — 4l assuming JP =0" H— 27" — 4 assuming J" =0"
Vs=7TeV [Ldt=461b" 1o (s=7TeV [Ldt=461b" 1o
Vs=8TeV [Ldt=20.7 fb" - s=8TeV [Ldt=20.7 b -
H — WW* — evuv/uvev H — WW* — evuv/uvev
Vs=8TeV [Ldt=207fb" Vs=8TeV [Ldt=2071b"
—~ 1 E —~ Ar :
o

10°L 1 1 ‘
0 25 50 75 100 JP=0" JP=1* JP=1 JP=2%

f (%) http://arxiv.org/abs/1307.1432
= CLs as a function of qq ™ CLs for different hypotheses.
. . . - L+ - .+
fractions, exclusion of 2* Exclusions of (07, 17,1, 2" m)
hypotheses above 30 above 20
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Signal strength

http://arxiv.org/abs/1307.1427

— 10: | T T T T T T T T | T T T L
i) C =
S b \'s=8TeV ¢ ATLAS +°§S‘at)’ Total uncertainty
- 1w _ o(sys
©  EwH : WW — iy 13 H— vy +0.23 '
Feaaiy - — =1 55+0-33 =0.15 1 :
10'15— ZZ=Tqa + ) =11 E N R R
7~ A/ 7N Lowpy w=lEk03 ) L
10—2:_ ‘ zz 1 High p, w=170005 | e———t
5 ——— Djethigh T e — ; :
f . mass (vBF) M7 Y006 |
_ . _ +1.2 :
10°E ZH — 10D\ 2\ _ VH categories 11=13_ 0.9 | |
z e \ E H— 2Z* - 4 =033
- VIFE VeV Ve e i _ 1 43'040 +0.17 P
/| OI=udscl? N ] T esleonal b )
-4 | | | | | | N | | "fe. | VB'F"VH'_”( """""""" N “.":‘_"."" :
107 100 150 200 250 categories . W=12001708 | 8 - -
oategories 22000 R
+0.4 : :
MH [GGV] c;teegrories M=1'45-g.32 +0.35 - '__' i
H—- WW* - Ivlv igg s |
b [ _ +0.31 [EV.
= Signal strengths: ratioof | 1=09lote)  }
0+1 jet w=0.82"%|,0.00 P S :
observed rateand SM  [PF_MTT 022 =02 S A R
. 2 jet VBF u= 1.4_0:6 +0.5 l I
_ 1 337021 +0.15 e n :
= Best fit 3
est 11t: 1. +0.21/-0.1
33 / Vs =7 TeV [Ldt = 4.6-4.8 fb” 0 1 2 3
/s = 8 TeV [Ldt = 20.7 fb” Signal strength (u)

= (Consistent with SM!
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Vector-boson fusion

physics in BR

my, = 125.5 GeV

'k; _I | L LI LI LI | LI | LI L L T I_
s 10 ATLAS §
N & o s=7TeV [Ldt=4648f" -
= > — _ _ -1 ]
Higgs-Strahlung WZ Fusion = B \s=8TeV det =20.71b 7
¢ W2 ..,\/ B ]
S , I " —H=yy |
W7 & oy 6 i i — H— 277" — 4| i
''''' e F | —HeWw b
¢ /\ 41— + Standard Model ]|
. ‘W | B X Best fit |
o — 68% CL |
—— o --- 95% CL — =
- 112
L _ l'-c
tt Fusion - TN 4 =
— o — I~
OF 1 =
B 4 =
~ m,=1255GeV 1 |4
_2 1 | I I | | 111 1 | 111 1 | I I | | | I I | | | I I | | I T | | 111 1 | [ 2 *
0 0.5 1 1.5 2 2.5 3 3.5 4 o
R vy,ZZ* WW* (a
ggF+ttH o
U
< __L | T T L | L | L L L L LI T m
c - ATLAS —
- / inde endent Of new N 14:_ Vs=7TeV det=4.6-4.8 fb’ )
H‘VBF ”‘ggF'l'ttH p 19 (s=8TeV [Ldt=20.7fb" 3
—_
N
(\®
~J

- ) — Combined H—yy, ZZ*, WW*
C ---- SM expected

I|II‘.I|III|III|III|I

= VBF discovery significance: 3.3 o

= (Consistent with SM

WBF/ UgeF+ttH

- P

Npr-
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= Relate k with u:

= Rate, = 0, * [,/ [onl

= Coupling strengths ki, Ajk:
= gp = Kr- Ing/vey

= gy =Ky" 2mv2/1/€1/ " Ratei,j / Ra.tei,j; SM

= A\jk = Kj/Kk
= Assumptions includes: Only one Higgs.

Only modify the coupling strengths.
Width is negligible at 125.5GeV

http://arxiv.org/abs/1307.1427

Model | Probed Parameters of Functional assumptions Example: gg —» H — yy
couplings interest Ky | Kp | Ko | Ky | KH

1 Couplings to Ky, KF vIivIivIiv]y K+ K5 (KF, Ky) K5 (K, Ky)

2 fermions and bosons Arv. Ky VI Vv IvIV]-]| G- ;I%V - K,(AFy, AFv, Apv, 1)

3 Cusfodialay sty Awz, AFz,Kzz - VNV V| - | kg Agy, 'Kg(/lFZz,ﬂFzz, Arz, Awz)

4 Awz,Arz, Az kzz | - | N |V | - | - sz * Apg * Ay

5 Vertex loops K =sl|=1|-|-]+« KS - Ky [Ky(Kg, Ky)

Haoshuang Ji (U. Wisconsin) Aug 16,2013 |
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Coupling to fermions and bosons
(Assumptions on total width)

- Vs=7TeV [Ldt = 4.6-4.8 fb" fH — vy @ Combined |
s=8TeV [Ldt= 207fb + SM x Best Fit

= 68% CL of kxr: [0.76, 1.18]
= 68% CL of xv: [1.05, 1.22]

087070809 11112 13 44 is"ie  m# Qverall compatibility: 12%

http://arxiv.org/abs/1307.1427  «,

~ 07— 7 g ~ 1077y S IR =
L o ATLAS [gv"(g]_ ; E £ 9E ATLAS [i<y K] E
~ (s=7TeV[Ldt=46-48f" __Lombine = E Vs= = 4.6-4.8 1" Combined -
IS \(§=8TZV§Ldt=207fb'1 Hoyy, 227, WW* 3 =  8F ﬁ_;lezﬁji_:: Lf's_fb — Hsyy, ZZ5, WW* = . °
T 7B | --SMexpected 3 % _E ts=8TeV]Ld=204 -- SMexpected 3 rejectlng
6 E 6F- ‘ —O
5E E E \ / KrF=U at a
4F 3 . .
3 : N\ significance
- - 3
>50
1k =
ob.. e
0.7 1.4 o] S I R

-1 -0.5 0 )
http://arxiv.org/abs/1307. 1427 KF | *
2
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T  Davsherkog]
ATLAS MwhezKzs]

) _aa 1 Combined
_716\\; }tdt 4.6 4];8_1fb — Hoyy, ZZ*, WW*
=8 TeV |Ldt = 20.7 fb - - SM expected

= With assumption on H— yy loop

= No assumption on H— yy loop

© a DD W & 01 O N 0 © O

= From Ratio of BR of WW* and ZZ*

T T T | T T T
LJ r L) ] L L
ATLAS
- (s=7TeV [Ldt=4.61fb"
© Vs=8TeV [Ldt=20.71fb"

rreererlors Py —y—g—
- ATLAS Pwzrezh 2Kz
E V5=7TeV [Ldt=4.6-4.81b" Combined ;

= i T Hesyy, ZZ°, WW* .

1i1)

|

", — Comb. H—yy, ZZ*, WW*
" --- SM expected

{ [
11‘11[1”1'111'!111 1 11

1111

1 1

T my= 125.5 GeV
0.6

U
9
8
7._
o
5|
4
3f
2f-
.
0

1" LOET/5qe/s10°AlXIR//:d)

- .
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Constraints on loop processes

http://arxiv.org/abs/1307.1427

z@ :|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
o oF ATLAS + SM
b \s=7TeV JLdt=4.6-4.8 fb" x Best fit
= Vs =8TeV [Ldt=20.7 fb —68% CL

---95% CL

= Sensitive to potential new
physics

= Ky: 1.20%0.15, Kg: 1.04+0.14

= Overall compatibility: 14%

- Em o EEEEEEEEEEEEEEEEEE®®E®E®E®EEEEEEEEEEEEEEEEEEEEEEEEEEE===== ;
D o 135"A'TLA'S'%>}e'|}r}u5;r'y" """" KoxgB ] .

1S 8§ s=7TeV,[Ldt=46-481" —Opserved E > AHOWIIlg non_SM

: N 3 Vs =8TeV, [Ldt = 13-20.7 b -- SM expected E . ] .

: 3 : contributions to total width

" 5F —; .

‘© - = BR;y,can be constrained

. 2— —%

: 1 = With partial Tt and bb dataset
: 00 ~"07 02 03 04 05 06 07 08 09

. B ATLAS-CONF-2013-034

)
il BE H = H H H = =5 =H = =H H 5 =5 N H H S 5 = =H | =H 5 = = = H H = = =H H 5 =H = =H H H B =H =H = N = = = =N I =N = = = = == = = = =
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Couplings overview

ATLAS Total uncertainty
my = 125.5 GeV + 10 + 20'

LTHT LOS T/Sq8/SI0ATXIe//-dTY

Vs =7 TeV [Ldt = 4.6-4.8 fb” Parameter value
/s = 8 TeV [Ldt = 20.7 fb Combined H— vy, ZZ*, WW*
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= 4.7(7TeV) + 20.3(8TeV)

= (Categorized based on num|
leptons, jets and b-tagged j
the pr of vector boson candidate

H—Dbb

bigl

400

300
ver of i
ets, and on

ATLAS Prelim. -'-cg;*g)) Total uncertainty
O
VH(bb), 7 TeV 0o | ; (R i g
e B 2Tielioo | DR | | i (|
VH,Olepton H=-2777+1.8 T oo e
VH, 1lepton W=-257 1416 | seefe e
VH, 2 leptons “'0'6»":"'3'; e B
. = bt T
VH(DD),8TeV =~ wfos | : : i | SR i i
boovarlos | 5 c S G
VH,Olepion §=09,,1408 | : : : @ JEEEE :
VH, 1lepton  u=0.7"7108 AR BE
VH, 2leptons =03 |t12 | : : ' : :
o D1 = ool :
Comb.VH(bb) /2 [ : : @ : :
u=02 0.1 - | | .
.............................. - et 1 1 1
VH,Olepton k=05, |+0.8 TR : ]
VH, tlepton p=0.1 7108 | : B -
VH, 2leptons 1 =-04 . |412 = S e
{5=7TeV[Ldt=471" 4 -2 U 2 |
{5 =8TeV [Ldt=20.31" Signal strength [u]
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! T I T ! ] Y T | T -
imi -* Data
A!TLAS Prehmmary' D it
600} s=7Tev fLat=47m" — 3
ZZ4 Uncertainty
(s = 8TeV [Ldt = 203 10" £ VH(bb) (1=1.0)

500} 0+1+42 lep., 243 jets, 2 tags

Events after subtraction

100}

5006180500 350
ATLAS-CONF-2013-079 m, [GeV]

All bkg. subtracted except di-boson

= Separate “di-boson fit” yields an
overall uvz=0.9 + 0.2, good
validation of the analysis!

= UHiges =0.2 + 0.5(stat.) + 0.4(syst.)
at 125GeV, with a limit to the no
signal hypo. of 1.4 x SM
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NePpr=p»

tor Diff. cross sections in yy final states *

—

det-w.am'

) dO/dPTyy, dlyyy | ’ d | COS(O*) | ’ deet39 0.8
ddy;, ... N "

2r
3 1_9.. ATLAS Prelummary 4+ cata syst. unc.
. . e 1.6'- ] go—+H NLO+PS (PoweasPe) +
= 8TeV data, prediction at 126.8 GeV ¢} o NOMNLL (1)
)  § «=: XH = VBF + VH + 1TH
-82 12::- H-syy (=8 TeV

0.4 -
0.2fF 8 =t
= Sensitive to: PDF, QCD calculations, § T + : S
° ° ° 8 _+_
production mechanism, spin, F A W ++f
lagrangian tensor structure, ... o1
0 20 80 100 120 140 160 180 200

Particle level p_ [GeV]

@
o

= Unfolded to particle level

60 ATLAS Preliminary -¢+- cata syst. unc. _
7, 15=8TeV 3_ Y gg-=H NLO+PS (Powssc+P ) + .

fLm=203m! gg—'H +1) NLO+PS (M0 HJ4PYE) +
«= XH = VBF + VH + fIH —

CLO€TO0C-ANOO-SVLLV

Probabilities of X* tests for agreements between
unfolded observation and theoretical prediction

doy, / dicos(6*)l [fb]
— - : — —

o O N
 — R — N — ]
ped
——
)
L8
|

Nes P77yl lcos¢’| pl' Ay pl'” sof |
POWHEG 054 055 038 069 079 042 0.0 40
MINLO 044 - - 067 073 045 049 o
HRes1.0 - 039 044 - = = . 8j

'y
0

No significant deviation from SM expectation '
0 010203040506070809 1

Particle level Icos(6*)l
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More to come...

Yukawa Gauge sector (tt)H —YY
sector . T :
R o ATLAS preli mmary
O er—sa CRbackg ound fit
w E .eees SM signal (m = 126.8 GeV) 3
2] 57- -+ SR-only background fit . =
M 'xed § 4f Signal region Leptonic channel | 3
w
sector 3
2
- > P B =
Loops (y, g) are E : . : N =
sensitive to BSM 20005 Control region s = 8 TeV [Ldl 20.31b" 7
contributions. 1000: - Saiad 3

10010120130 140180 160
m,, [GeV]

NePpr=p»

TT,
ttH,

Zinv...

ATLAS-CONF-2013-080

= 1 and coupling combination
= mass determination after new calibration

= Spin/CP, possibly add H—1t

= Differential distributions [H—yy already showed on EPS]

= BSM Higgs include direct BSM searches

Haoshuang Ji (U. Wisconsin)
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Conclusions \}i

- The mass determined: 125.5 + 0.2(stat.) + 0.6 (sys) GeV

= Qur data favors the 0", which provides evidence for the
scalar nature of the Higgs boson

» 0 rejected at 97.8% CL, spin 1 at >99.7%, o™ at >00.9%
= Couplings to gauge bosons constrained at 10% level.

» Couplings to fermions observed indirectly at >50

» Observation of the VBF production process at 3.30

= The ratio of relative couplings to W and Z bosons
measured to be consistent with unity.

= No significant anomalous contributions from gg and yy
loops are observed
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